This study investigates the redistributive effect of the social security reform in
Introduction
After 30 years economic growth since 1978, China has made significant progress in raising the living standards of urban and rural residents and decreasing the population of people living below the poverty line. The poverty rate declined from 53% in 1981 to 8% in 2001 1 . On the other hand a dramatic widening of the income gap had accompanied. According to the World Bank (2003), the Gini coefficient in China rose from 0.3 in the 1980s to 0.42 in 1993, which was the most rapid in developing countries 2 .
Moreover, several studies estimate the long-term income inequality in China and find an upward trend (e.g. Ravallion and Chen, 2007; Meng et al, 2010) . Li and Luo (2011) use the latest household survey data to correct the potential biases caused by problems such as the difference living cost between urban and rural area, under-representative of high income households in the sample and get a Gini coefficient as high as 0.485. As pointed by Chen et al (2006) , certain sub-groups have been adversely affected or have been unable to participate in the new economic opportunities due to their lack of skills, long-term illness or disability.
Some of the "left behind" households started poor and some became poor, even though aggregate poverty rates have tended to fall over time. As a redistributive policy, the effect of social security system in current China becomes an important topic concerned by scholars and policymakers.
Social security system generally includes social insurance system, social assistance system and social welfare system. Social insurance requires the insured persons to pay certain insurance premiums or taxes in order to obtain corresponding rights, which is generally not for the purpose of income redistribution. For some social insurance plans, however, benefits actually received have little to do with contribution and the benefits may not depend (H. Sato). This paper is a substantially revised version of our previous paper, " Social 1 For studies on urban and rural poverty in China, see Chen and Ravallion (2004 , 2007 , 2008 ) , Chen et al (2006) , Xia et al(2007) , and Luo (2010) . 2 The estimation of income inequality depends on the definition of income. Ravallion and Chen（2007) make adjustment for the cost-of-living difference to get a lower Gini coefficient. Before the adjustment, it is 0.42 and 0.447 respectively in 1993 and 2001. After adjustment, it is 0.367 and 0.395 respectively. Li and Luo (2007) include all implicit income of all kinds of social security programs and make adjustment for the cost-of-living difference between urban and rural area and obtain a Gini of 0.44 in 2002.
completely on the amount paid. Thus social insurance plans also contribute to income redistribution to a certain extent. Funded by public finance, social assistance and social welfare, on the other hand, are direct income redistribution plans. If social security system in one country mainly targets at providing social insurance, it has less income distribution effects; if social assistance and social welfare, funded by public finance, constitute the major part of social security system, the system has relatively strong income distribution effects. In addition, the scopes of population covered by social security and the extent of protection provided by social security also have direct impacts on its income distribution effects.
Therefore, the role which the social security system plays in income distribution depends on the composition and specific designs of the system. Its effect on income distribution of social security is an empirical issue.
Generally speaking, there are two perspectives to test the redistributive role of social security. One is to investigate the effect of certain program in the system. The other is to estimate the overall effects of income transfers made by all kinds of programs in the system.
Annual household or individual data is always used. However, annual data might not reflect the real economic situation of the household or the individual (Rosen, 2008) . Especially when evaluating the redistributive effect of public pension plan, life cycle data is needed to compare the total contribution and benefit. During working age period, one contributes to pension system and hence the net benefit is negative in each year in this period of life cycle. By contrast, one gets positive net benefit after retirement if based on annual income. Therefore, we have to predict and estimate the contribution and benefit and obtain the net benefit in life cycle. Nelissen （1998） compares the differences using annual income and life cycle income in detail. There are several literature to evaluate the redistributive effect of public pension using life cycle income for various countries, for instance, Nelissen (2000) First we use annual data to estimate the transfers by a variety programs including public pension, minimum living allowance and investigate the redistributive effect on various income groups and age groups. Secondly, we are projecting life cycle income to estimate the income redistributive effect of public pension program and we will compare its effect on improving income inequality under the different scheme.
This paper proceeds as follows. Section 2 introduces the institutional context and the data used; moreover, we capitalize on the official macro data and micro survey data to consider the role of social security system on income distribution in urban China. After introducing relevant concepts and empirical methodologies, Section 3 presents the social security's redistributive effect based on individual income in a certain year. Section 4 estimates redistributive effects of public pension system with life cycle income and compares the different degree of income redistributive effects of various pension plans . Section 5 concludes the study. 
Institutional Background and Data

Institutional Context
In 1951, China issued the Insurance Provisions of Republic of China, which included pension, medical, and work related accident insurance provisions. This document became the embryonic form of the social security system during China's planned economy era. Prior to the economic reforms, Social security for urban employees in public sector 3 and enterprises was provided through work units (danwei). The benefits, including pension, medical care, housing, and other income subsides, were financed by enterprises or fiscal budget, the employees had no necessary to pay for their benefits.
With transition to a market economy, the original social security system will no longer meet the demands of rapid economic development. China started to reform its original social security policies after the 1980s; in the late 1990s, the urban employees' pension system, medical insurance, and other social security policies, among others, were adjusted substantially. Up to now, urban social security system has been established, consisting of social insurance (public pension, medical care, unemployment insurance) and minimum living allowance.
The most important pension reform were introduced in 1995 and revised in 1997, the We use official macro data to show the coverage of social security system after reform In general, the extension of the social security coverage will strengthen the income redistributive effect of social security, narrowing income inequality. As mentioned above, however, individual contributions to the social security programs were low before the social security reforms in the late 1990s, because people could receive various subsidies from their work units and retirees could draw benefits equaling a percentage of preretirement wages. It seems that during that period the net benefit of social security was always positive for highand low-income groups. However, an individual's expenditure had increased on the aspect of 7 social security after the reforms for pension, medical insurance and other kinds of insurance.
Also, some workers did not receive their entitled benefits because of various flaws in the system. For example, the original living allowance was replaced by a severance payment for laid-off workers. However, Xia et al. (2007) found that only 18% of the laid-off workers'
families received this subsidy in 2002. The research also indicated that only 11% of laid-off workers' families received unemployment benefits and only 8% of the laid-off workers' families enjoyed the minimum living standard guarantee. Moreover, Cai, Giles, and Meng (2006) found that pension arrearages had emerged in some areas. Therefore, compared with the pre-reform system, the relationship between an individual's social security benefit and his contribution was uncertain after the reform. An empirical test is required to determine how the social security improved income distribution in urban China by income transfer. We use the CHIP data to estimate the social security system's redistributive effect.
Data
The data used in this paper are from the China Households Income Project (CHIP) survey, China, especially the degree of income inequality under pension reform, using these data sets. Table 1 shows that, based on the CHIP data, the results of the average wage, the household disposable income per capita, and the pension replacement rate were all very close to the ones based on the national statistics.
(Insert Table 1 (Insert Figure 2 here) 
Redistributive effects of social security on different income groups
We employ the CHIP data to divide individuals into different income groups to estimate the income redistribution effects of China's social security system. First of all, it is necessary to discuss the measurements of income and benefit from social security.
Relevant Concepts and Definitions
The main idea of estimating the redistributive effect is to compare the inequalities of initial income and redistributed income. Initial income is an individual's total earnings prior to redistribution, which is derived from either labor or returns on assets, and includes income from wages, interest, commercial insurance, income-in-kind, etc., whereas redistributed income, in addition to including initial income and net of taxes, also includes the individual's social security benefit. The social security benefit includes not only cash benefits such as pension payments but also noncash benefits such as medical treatment, education, and services. In China, subsidized public housing is considered an in-kind payment. The taxes mentioned include income tax, asset taxes, and social security payments (e.g., pension
contributions and medical insurance payments). By comparing initial and redistributed incomes, we can observe the effects of redistribution policies.
Two indicators can be used to measure the redistributive effect. One is MT index, which was generated by Musgrave and Thin (1948) . 8 The expression of MT index is:
Where G is the Gini coefficient of initial income and G* is the Gini coefficient of redistributed income. It compares Gini coefficients before and after redistribution. If the Gini coefficient or initial income distribution is larger than that of redistributive income distribution, the policy is said to improve the income inequalities and has a positive effect on income distribution. Otherwise, the policy makes income inequalities worse and has negative effect on income distribution.
The other indicator is called redistributive coefficient, which is to measure the relevant variation of income inequalities. The expression of the indicator is as following equation. The measurements of initial income and redistributed income are as follows 10 : Table 2 shows the summary statistics of initial income and redistributed income.
Compared with 1995, in 2002, both social security benefits and social security contribution increased, however, social security benefits increased only by 74.31% while the contribution 9 Considering the income information of the unemployed might be missing, in order to keep the unemployed in the sample, for these samples with current status being unemployed and no income information recorded, we would change the income to zero. 10 It should be noted that the composition of the initial and redistributed incomes used here is different from the "gross income" used in Atkinson et al. (1995) . Our initial income does not include transferred income from public policy and social security. And since private transfers such as alimony tend to respond to negative shocks experienced by the recipients (Cai, Giles, and Meng 2006) and would confound the redistributive effects of public transfers. The CHIP data identify two main sources of private transfer income: required cash transfers by relatives (alimony income) and cash voluntarily transferred by relatives (donated income). Both sources of income are likely to respond to income shocks (such as pension arrearages, lay-offs, or unemployment); therefore, our analysis excludes them from initial income.
increased by 645%.
(Insert Table 2 where N refers to the number of whole population, and Np is the number of population that earns less than half the median income.
In 1995, the median initial income was 4,876 Yuan. 18.2% households' reported income was below half the median total household income, whereas the percentage of households receiving redistributed income under 2,438 Yuan decreased to 3.2%, showing a decline rate of 11 Since the minimum living allowance program was not in effect in 1995, the share of household benefited from the program can't be used to measure poverty. 12 They use this method to analyze income distribution in 27 OECD countries. Using initial income per capita and redistributed income per capita, we divide individual into quintile groups according to initial income and redistributed income respectively to examine income distribution of initial income and net benefit distribution of social security. Table 3 reports the mean age and sample sizes in each income group. Table 3 here) (Insert Table 4 here) Table 4 Table4) . Further, compared with initial income, redistributed incomes of groups above the middle quintile accounted for a smaller share of the total income, and the higher the income, the larger is the proportionate decline. Therefore, social security has a greater effect on increasing the income of lower income groups measured by annual income.
(Insert
Note that the groups ranking below the middle quintile showed a decrease in percentage share between 1995 and 2002, whether measured by changes in initial income (Change 2-I) or redistributed income（Change 2-R). Also, the percentage share increased for the fourth fifth and the highest fifth. As measured by initial income, the lowest quintile's share of total income declined from 4.12% in 1995 to 2.8% in 2002, but the highest quintile's share rose from 40.16% in 1995 to 45.21% in 2002. This is also the trend for redistributed income. The lowest-income quintile's share declined in 2002 compared with that of 1995, but the trend for higher-income groups was the opposite. This demonstrates that inequality of income redistribution in urban China was growing, as the Gini coefficient in the rightmost column of Table 5 illustrates that the Gini coefficient in 2002 is larger than that in 1995 for both initial and redistributed incomes.
Moreover, the redistributive coefficient R (the last two rows of Table 4 supposed to get a severance payment for being laid-off, but only 18% of the laid-off workers' families could get this payment in 2002. The average yearly income of these (laid-off or unemployed) people was only 29% of that of the working or employed ones; these income shocks have undoubtedly increased inequality of the initial income distribution.
On the other hand, though the social security system in urban China, including pension insurance system, medical insurance system and other kinds of insurance, was thoroughly Therefore, the income transfers of social security reduced the degree of income inequality, but this kind of improvement was limited.
We also compute the Gini coefficients of initial income and redistributed income for than that in 1995 either in initial income or redistributed income. But the redistribution coefficient in elderly group is much higher than that of working age group, which is 55.9% and 11.83 respectively in 1995, 51.63% and 13.53% respectively in 2002. Therefore, the redistributive effect of social security in China is mainly demonstrated in elderly group and its effect on income of working age group is not significant.
(Insert Figure 3 here) Figure 3 demonstrates the net benefit of social security for each income group and divides the sample into age groups within the income group. Except those younger than 40, the age pattern of net benefit is same in all income groups. In both periods of time, all income groups have positive net benefits. The net benefit is increasing with income increasing and in each income group, the elderly benefit most from the system.
Generally speaking, social security has a positive transfer of income. Various researches based on OECD countries show that social security system in these countries has redistributed income from higher to lower income groups. However, in China, the redistributive effect is inter-generations rather than between income groups. Although the elderly have a positive transfer, the elderly in higher income group gain more. Overall, the net benefit of highest income group is 1.4 times and 3.2 times as much as lowest income groups in 1995 and in 2002 respectively. The net benefit of the elderly in highest income group is 2.6 times and 4 times as much as the elderly in lowest income groups in 1995 and 2002 respectively. This outcome implies that the adverse income transfer of social security was increasing over time.
We obtain the same tendency using aggregate data form statistic yearbooks. Employing annual income of households, figure 4 shows that, the households benefit most from social security system are not the lower income households but the higher income households. (Insert Figure 4 here)
Redistributive effects of different pension design based on lifetime income
As noted earlier, the cost and benefit of the pension system changed at different stages of the lifecycle. Therefore, it takes a lifelong process to uncover its overall effect. It is thus necessary to investigate it from a lifelong perspective. From a theoretical stance, the redistribution through the pension system can be understood as follows. The individual earns the right to receive a pension during his retirement by participating in the public pension system, thus accumulating pension assets. However, under a PAYG system, the level of pension one receives and the contributions one pays are determined by population growth rates and wages growth rate at each time period. As such, the actuarial present value of costs and the actuarial present value of benefits could be different. This margin is called the net benefit, which reflects the lifetime cost versus benefit, and therefore is the total redistribution transfer through the public pension system. The redistribution exists if the net benefit is not zero, and vice versa.
As described in section 2, current public pension system is a partial funded system combined social pooling with individual account. The practical policy rule of benefit for each group is different. In addition, pre-reform pension system before 1997 was applied to urban employees of the Chinese public sector so far, which issued that pension benefits would be calculated at a certain rate of an individual's wages upon reaching his retirement age. If provisions in the 2005 reform were applied to urban employees in the Chinese public sector, how would the pension system contribute to the equalizing effect? If the PAYG part of the system were replaced by a fully funded system, would the result reduce current inequalities?
In this section, we estimate the redistributive effects of various pension plans on the basis of lifetime income.
From life cycle perspective, we need information of lifetime contributions and benefits. If the system has a long enough history, then there is complete data of a person during his life cycle, from which it is convenient to calculate the present value of lifetime contributions and benefits and get the net benefits. However, the partial funded system has been in effect in
China only for about one decade, there is no such data. Even in countries with this data available, such as US, Italy and Japan, sometimes it is impossible for the researcher to have access to the data. So in literature, the lifetime net benefits are to be estimated according to cross sectional data and based on certain assumptions.
We use CHIP data, first to calculate the abovementioned lifetime net benefits according to We consider three possible designs of pension program. Design1 represents the current pension plan, i.e., pre-reform pension provision is applied to the public sector employees, which would be calculated by a certain proportion of the wage income when retired 15 , yet other employees' would be calculated according to the policy rules of 2005 plan in the appendix table 1. Those who entered labor market after 1997 are "New participants" and their pension benefits consist of basic benefit and benefit from individual account. Those started to work before 1997 and retired after 1997 are "In-between participants" and their pension consist of basic benefit, transitional benefit and benefit from the individual account 16 .
Design2 assumes that the 2005 reform is applicable to the whole samples, i.e., the benefit and contribution of employee in both public sectors and other sectors are calculated using the same formula.
Design 3 represents the fully funded system and it is applicable to the whole samples, i.e., pension benefits consist of only individual account pensions if the employee is a "New participants" and pension benefits consist of individual account pensions and transitional benefit if the employee is a "In-between participants"
We use three indicators to estimate the redistributive effects. The first is the ratio of redistributed income between public sector employees and employees of other sectors (A).
The second is the ratio of redistributed income between the highest-and lowest-income groups (B), with groups divided into deciles on the basis of initial income levels. The third is a redistributive coefficient R. Table 5 shows the redistributive effect under three designs.
(Insert Table 5 here)
The results illustrate that Design 2 has the largest effect on redistributing income and narrowing the income gap. Under Design 2, the ratio of redistributive income between public sector employees and employees of other sectors is 1.2992, the ratios are smaller than those from Design 1 and Design 3, indicating that the distributed income gap among public sectors and others is smallest under Design 2, and distributed income gap between the highest-and lowest-income groups is also smallest. The redistributive coefficient R again demonstrates that Design 2 has the strongest effect on narrowing the income gap.
We divide the sample into deciles ranking from low to high on the basis of initial income. Figure 5 shows the net benefit of each income group under various designs. There is an obvious trend that net benefit is increasing with income, no matter under what design. The results imply that the adverse redistributive effect of Chinese social security exists when evaluating based on lifetime income, especially under current policy rule, i.e., design 1.
(Insert Figure 5 here)
To compare the annual and lifetime income-based effects, we utilize annual income from the same sample to calculate the Gini coefficient for both initial and redistributed incomes 0.3417 and 0.3406, respectively. These results are lower than the lowest redistributive coefficient reported in Table 6 . This implies the redistributive effect of the pension system could be negligible if measured by annual income in current workers. However, the effect strengthens if measured by long-term income. This implies the long-term redistributive effect is larger as compared with its short term effect in current workers.
Findings and Policy Implications
We use the CHIP data to estimate the income redistributive effects of the Chinese urban social security system from several new perspectives. Our findings are as follows: This outcome implies that the adverse income transfer of social security was increasing over time. Using aggregate data and estimating with lifetime income show the same tendency.
4. We use lifetime income to evaluate the redistributive effect of pension program among current workers and we find that a combination of funded system and a PAYG system has larger effect in improving income inequality. Furthermore, if the current policy is extended to all employees including those in public sectors, the income gap between employees in public sectors and other sectors is going to be declined more, so is the gap between income in highest and lowest income group. In addition, we find that its effect is significantly larger than the short-term effect calculated using one year's income, when measured by lifetime income. China is now discussing how to reform public sector pensions. If the government expects social security to play a bigger role in income redistribution, differences in long-term and short-term effects of pensions should be considered.
In summary, from 1995 to 2002, the social security system in urban China raised the income of low-income and old-age groups and narrowed the income gap. The redistributive effect of the social security system did not offset the expanding income inequality. The 2002
Gini coefficient of redistributed income was higher than that in 1995, and public medical insurance protection was weakened, the adverse income transfer of social security was increasing over time. If the government wishes to improve income distribution, it can strengthen the equalizing effect of social security by improving the public medical insurance system, cutting the benefit from social security of high income groups for changing the adverse income transfer, adjusting the proportion of basic pension and individual account pension in the pension system, and instituting a unified pension system for the entire urban labor market. In addition to these changes in the social security system, inequality in income distribution should be addressed by other policies. 
